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ABSTRACT 



There is provided a metlnod of modifying an ion uptake characteristic of plant 
including the steps of identifying and isolating a gene responsible for an ion uptake 
mechanism, transforming a plant ceil with a genetic constmct Including said gene» 
and culturing said transfomiant to produce a plant. The isolated gene is a K* 
channel or transporter. Sodium competes with potassium in transport or uptake, 
and in high sodium en\^ronments the amount of potassium entering the plant may 
be significantly impaired. Over expression of a K* transporter may permit sun/ival 
or normal growth in high sodium environments such as marginal, high salinity soils* 
Specific mutation of a K* channel may permit selected uptake of potassium without 
ttie inhibition by sodium ions. 
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m UPTAKE MODIFIED PLANTS AND DNA SEQUENCES CODING FOR SAME 

Tills inv^mion relates to Ion uptoke modified plants and DNA sequences 
coding for same. 

This invention has particular but not exclusive applications to an ion uptake 
modified Plants and DNA sequences coding for same, such as potassium channel 
and transporter genes whose Introduction to the plant genome modifies the degree 
of uptake of potassium, aiid for illustrative purposes .eference will be made to such 
application. However, it is to be undeistood that this invention could be used In 
other applications, such as modifying plants to alter other osmotically driven 
movements. pH tolerance, cation nutrition, loading into the xylem or cytosolio 
volume control. 

Abiotic stresses such as drought, cold, salinity and potassium deficiency can 
have harmful effects on plants. For example, large areas of land are affected by 
high salinity. limiting land use for agriculture and commercial forestry. In Australia 
partksulariy. the growing of timber and pulp species. Including Eucalyptus species 
and pines, is limited by the lack of salt tolerance of such species. Not being bound 
by theory, ft is understood that in high salt environments ther« is an osmotic 
imbalance in plants, which leads to reduced plant growth or death. Further to 
osmotic Imbalance, there is a reduction In essential macronutrfents such as 
potassium. Sodium competes with potassium in transport or uptake, and In high 
sodium environments the amount of potassium entering the plant may be 
signiffcantly Impaired. Over expression of this potassium transporter may permit 
survival or nomial growth in high sodium environments such as marginal, high 
25 salinity soils. » . «•> 

The present invention alms to alleviate at least one the above disadvantages 
and to provide ion uptake modified plants and DNA sequences coding for same 
which will be reliable and efficient In use. Other objects and advantages of this 
invention will hereinafter become apparent 
30 In one aspect, this Invention resides broadly In a method of modifying an ion 

uptake characteristic of a plant and including the steps of; 

Identifying and Isolating a gene responsible for ah (on uptake mechanism; 

transfomiing a plant cell with a genet/q construct Including said gene; and 

culturing said transformant to produce a plant. 
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The k>n uptake characteristic may be modlflecl to Improve the plant's 
tolerance to abiotic stresses such as drought, low K* concentration, salinity, cold 
and the like. Modifying an ion uptake characteristic of a plant may improve growth. 

Suitably, the gene responsible for an Ion uptake mechanism is responsible 
for a potassium (K*) channel or transporter. A plant in accordance with the 
invention may be salt tolerant or may have improved growth in potassium deficient 
soils. By "salt toleranf it is meant that a specified plant is capable of withstanding a 
higher level of salinity stress than the corresponding wild-type plant under typical 
growth parameters. Under the terni K* channel or transporter It is be understood to 
include a corresponding DNA or cDNA sequence of the gene responsible for the K* 
channel or transporter. 

Suitably, the channel Is an Inward-rectrfying K"" channel. The IC channel 
may be identified and Isolated using any suitable standard molecular biology 
techniques common to the art. The plant may be exposed to selected 
environmental conditions to induce a desired gene/s. For example, the plant may 
be treated with a relatively high level of NaCI to possibly induce genes that may be 
involved in ton transport and the salt tolerant phenotype. The RNA may be isolated 
and used to construct a cDNA library. The library may be screened with suitable 
probes to identify desired target gane/s, such as primers from consensus 
sequences of known potassium channels. 

The cDNA of the Isolated potassium channel may be Introduced into a 
genetic construct capable of expressing the introduced DNA and being 
transformed, such as a transformation vector appropriate for Its application. It is to 
be appreciated that a person skilled In the art woukl be able to select a suitable 
vector and introdure the DNA sequence of interest using protocols common to the 
art. 

In order to Inrtiate the e)q)ression of the gene of interest, regulatory elements 
such as promoters may be included in the genetic construct. The regulatory 
element may include a constitutive promoter, such as the 35S-CaMV promoter, to 
enable expression of the gene in ail cell types. The regulatory element may also be 
an inducible promoter, such as the endogenous promoter, that may be inducible in 
response to specific environmental stimuli. Alternatively, the regulatory element 
may be a tissue specific promoter or a promoter that may be expressed during 
specific developrnental periods. 
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J';^ f ^ "^'l- 1« "'"^ using m«th«s common .0 the art Wudino 
but not (imfted to biolistics anw . - . ^ " '"^'"amg 

c5t.K. . . '"taction mediated gene transfer 



15 1. Seouan^fl (Sea. ID i) . 



R = A or G 
Y = C or T 
S « G or C 
K = G or T 
20 H = A, C or T 



CTGTGCGGAG TGTCGCTCTC GGTrTrJr^J I???^^^ G6GAGGGGTG 
CTCCAGAGAC GGGAGcS S^SS''^^^^^ TGCA66CCTT 

CCCTCGGCGC GAGGAGCAAC S^nJ f ^<=^CCG^ ATCTTGCTGT 
TCCTCCCTCG ATCG^f C^Z^ar ^f^^"^ CTTCATCGTG 
30 GGTTGTATAC ACTGCTTGG^ StSSJ S^rJ^r^"^ TGGTrCTTCT. 
AGCCGAAGCC GCCGCTGTCC StSa^^ f^®'^^^^^ TTCCTCAAGA 
GCTATCGArA TCGTCW^AC C^^^ Sr^S^ TGGATTCTTT 
CTACCTACTT GTCGACGACC crAa^B^^S J^^^^^CCTCG ACAAAGCCAC 
^ CATGGTTCGC CcJJgS A^^S! ^^'^l^^'^^ TACAYGACCT 
35 AAAATCTCGC ATTCGCCTCT ^gS™ J^CCCTCCGA ACTT6CTCA6 
ACTO-TGGCGT CTCCgSI JSSJS^J! GGCCTATTCA ACATGCTCCG 
ATAGGAACTA Sa^^St gSoGT S^SJ ^^^^^AGAAAG 
ACTG!PGTrTG CAGTCCATTC ^^rrir^^m;; ^'^^^AAAACT CCTCTGTGTT 
TCGTAATCAT GACCcSSg ISSf J rX'^nr^''^ ^-TCTCGCYGC 
40 ATGGCTTGGG GATCCGGTM GTCaSS^J^ GGGGAAAGCC ATTCTCCACG 
TTAACAACGG TTCGATaJ^ SatS^p^S J^TACTGGTC TATTACTACT 

gcttmcgac atattS ?StS^ SJ?!^'^^^ tgagggagat 

.GA..GGTAA .A.GACGAA^ 
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AAATTTAGGG ATACAATACA AGCTGCCTCA AGTTTTGCTC AAAGGAACCA 
GTTGCCTCCT CGGCTACAAG ATCAGATGCT TGCTGATTTG TGCCTCAAGT 

^ ^ ATAGGACAGA TTCTQAGGQA .C5CTCGGCAAA AAGAGACTCT CGATTCTGTG 

CCTAAAGCCA TCCGATCCAG CATCTTACAT TATCTTTTTT ACAATATCGt 
5 CGACCRGGT6 TACTTATTCC GTGGCATTTC AAATGACTTG CTCTTTCAGC 
TGGTCTCAGA AATGAAAGAC GAGTATTTTC CTCCAAATGA AGATGTGATC 
TTGCAAAATG AAGCACCAAC AGACTTCTAC ATTCTCGTGA CTGGTGCTGT 
GGATCTGCTA GTTGTTAAAA ATGGAACTGA ACAGCCTGTT GGAGAGGCAA 
AAAGTGGTGA TATTTGCGGG GAGATTGGTG TACTTTGCTA CAGGCCACAG 
10 CTTTTCACA6 TGCGGACGAA ACGATTGAGC CAGCTGCTAC GGCTAAATCG 
TACCACATTG TTCAATATAA TCCAGTCAAA TGSTGAAGAT GGGACCATTA 
TCATGAACAA TCTCCTTCAG CACTTGAAGG ACCTCAAGGA TCCAACCATG 
GAGAGCATTC TGATTGACGC AGAGAACATG GTGGCACACG GTCAATTGGA 
CCTGCCTCTC AGTTTATGCT TTGCCACATT GAGAGGAGAC RACTTGATGT 
15 TGAGCCAACC ACTGAGACGG GGCCTAGATC CTAATGAATC AGATAACAGT 
GGGAGGACAC CTCTCCATAT CGCAGCATCT AAAG6AAGCG A6AATTGCGC 
GCTCCTCCTT ATGGATTATG GTGCAGATCC TAATAGCCGA GATTCAGAAG 
GAAATGTGCC TCTTTGGGAG GCAATAAAGG GCGGTAGTGA ACCC6TGGTC 
AAGTTGCTAG CASAAAATGG TGCTAATTTA GtATCTGGAG ACGTGGGTCA 
20 ATTTTCATGC ACGGCAGCAG AACAGAATAA TCTGGACTTG CTCAAGGAGA 
TCAGTCGTTA TGGTGGGGAT GTTACGCTTC CAAAAAGCAA CGGGACCACC 
GCTCTTCATG TCGCTGTTTC TGARGATAAC ATOGAGATAG TCAAGTTCCT 
CTTGGATAGA GGGGCAGACA TCAACA2VACC GGACATCCAT GGATGGACAC 
CCAGAGATTT AGCAGATCAA CAGGGACACG AAGAGATAGG AATTCTTTTT 
25 CAATCCATAA ARGAAACTGA AATGCCKCCT GCTAOTAfiAA GCGAACCCAA 
TTTGCCTCCT GCATCCCAAG. AAAAAACTGT TGATGCTGCT TTTGGCCAAA 
GCC6TCCAAG GAGGAGGAC6 AGTAACTTCC ACAATTCCTT GTTTGGGATT 
ATGTCAGCTG CACGTGATGG TGAGGGAGAT GTGCTTTTAA GCATTAATCA 
TAATAAATCT GCClUiLTAAGC CTXTTGTGGC ACGACCGGCT ATCCGTGTGG 
30 TTGTTAGTTG TCCTGAAGTG GGAGATGTTG AGGGGAAGCT TATGCTACTC 
CCCGAGAACT TTCAGGAGTT GTTGGAGATG GCACGTAAGA AAOTTGGGCT 
TACTCTGC!rC AAAGTTTTAA CCAAAAATGG AGGTGAAATT GATGATCTAG 
CAGTTATCAG GGATGGCGAC CATCTAGTCT TTTTGAGCAA 6GAAGTGAAG 
GATGATTTTG CCAACAGAAA TGACAAGAAG GTCCAATAAG GAAGTGCATA 
35 GGATTTTTCC TTCCGAATCA GTTTCCATGT CCACATCTTA GTCTAATGGA 
AAGTCTAGTA CGACTGTTTC CATTAtPCTTC TTTATGTTCT TTCGCTCTTT 
TTACATGAAT CAACACAAGG AACTGTACAT GTACTATGTA AGTAATCTGA 
AGAAAATTCA YGTTATTCC 

40 

The predicted expressed amino add sequences for D and E isoforms of the 
EcKT1 gene are respectively listed as set forth in Seq. ID Nos. 2 and 3. 



2. Sequence ffieg. ID Mo. 2) : 

45 MEGLMRNRGG VLCGVSLSVC GQBEMQAFSR DGSSQySLAT GILLSLGARS 
NRWQLRSPI VSSLDRRYRI WENFLVLLW YTAWASPFEF GFLKKPKPPL 
SIIDNWNGF FAIDIVLTFP VAYLDKATYL LVDDPKKIAW RYHTSWFALD 
VISIIPSELA QKISHSPLGG YGLFNMLRLW RLRRVSALFS RLEKDRKYNY 
FVLRCAKIJ^C VTVFAVHCAG CFYYLLAARN HDPAETWMGK AILHDGLGIR 

50-~..Y.VTSIiYWSIT a?L!KrVGYGDL HPVSVRBMLF DIPFMLFNLG LTAYLIGNMT 
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SSS?s Ss??S hSSS ""'OWM lclkyrtdse 

gg^ =s s« SS SSS 

BAIKGGSEPV VIOJJfflNGAN LVSGDV(3C3FS CTAA^riM^n ?? ??S^5^ 

Mo^S fS? ™^ 

-TSNFHNSLPG IMSaSBgS D^SIS^ 

^SIS iT"-"^ 



15 3. Seouenn e fSea. ID hfn 

. mmm^m 

35 

Expression, or over expression of the EcKTI gene may lead to improved 
nutrient uptake In marginal soils, and may also maintain a potassium balance In 
plants grown In hf£|h sodium chloride. Specific mutation of this channel may permit 
selected uptake of potassium without the inhibition by sodium ions. Accordingly 
W gene transfer of the EcKTI genes Intodesired plants of interest may generate a sali 
tolerant plant or a plant which Is able to grow in soils with low potassium content 
The Isolated EcKTI gene may be subcloned into the appropriate genetic 
vectors using standard molecular biological methods for expression in the desired 
target plant species. These cDNAs can be under the control of constitutive 
5 promoters, eg. 35S-CaMV. or tissue specific or inducible promoters Including the 
endogenous promoter of said cDNAs. Thus, the isolation of new promoters has 
slgniftcant value to regulate the endogenous gene and/or other exoUc genes of 
Interest. 
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Accordingly, in a further a$pect. this invention resides in the DNA sequence 
encoding the promoter of the EcKT1 gene as set forth in Seq, ID No. 4. 



4. Sequence ISea. ID No. 4) : 

5 M = A or C 

R =5 A or G 

W - A or T . 

S = C or G 

y = c or T 
10 K = G or T 

V = A, C or G 

H = A, C or T 

D = Ar G or T 

B = G or T 
15 X or N = Ar C, G or T 



CGACGGCCCG GGCTGGTCTG GGCTTTTTCT GATTGTCCAT CCAAGTGCAC 
GTGGCAGCTO? TTGAACCTTB GCCATTAGTA TCGATGGTTG GGATTTGCTC 

20 TTTCTTTGAT CTGATGGTCA AGAGACTGGG ATCCATTCCC 6AAGAATAAG 
ATGTTACTAG ^CGAGATTCT CTTTTTCtCT CCGACAGTTA TCGAG6GATT 
AGTGATCCAT TCCCCAAKAA TTGO^SSiTGTT AAGATATGTC TOTCTA6AGT 
GATGTATAWT TAGCGCATTG RAAGTTAAAA TATTTTCTTA CCTAGTGTAC 
TTGAAGAGTA CIPCSAAACAC CYGT^WAATG AGACCTTTAT ATGTATAAGT 

25 CATGMTAAT GCRCTTAACG ARACTTTGCC GCATCATATC ACAAATGGAT 
CATACAAATA AATTTGAGRG TATGTteCGAA ATTATCATAA TCATGTCTTG 
AAAAAATATT AACACATCTA TATGAA^TAAT AATAAATAAt AAAAAAACAG 
CGATGTTTYG CRTWCTCCTA GGST^IdAAGA AACATTTTGC AACCATGGCA 
CCGATTGATA ^^GTTGTCATT GGTOACTAAA TTCACAAAAA TGGCGGTGCT 

30 TATATTTGTA ATCATTARTG GTGGAGAIl?IA AACACAACCC TAATTGCAAT 
GATATAATTG TAGCRCGCGG AATAGf TdAA ACATCTTATA AAAACTACAA 
AATTAATTTC TTTTTTCTAT GTASTGC^ItT GAAAAACTGT GGCGAAGATT 
TTCCGATAGT TCATCAGCAC AACTTCTTAC GTSGGTCTCA ACTTTGAAAA 
GGGCTAGOAC AOTACTTTCR TAGTGf^CAA CTTGG(»AilG ATC 

35 CTAGCYTCTK TTCGGAACCT GCCcdiSACCC ACTTTTCAAf GATGCGACTT 
CTAAATATAM ATAGCCAAAT ACAGTATACA CAACTGCGCA TGACTATACA 
ATTTCAATTT TTTTTTCCAC CTGGCAeTCT AGCACTTTTA GCACTTTGCA 
ATAGAGTCAC ATCAAAATGG ATTCTf A(3CG TCTCTAAAG;* GATT^ATTCTT 
TTTGGYAGTG ACTrTGATTT TRRATCekYA TCTGATGACG'^ TCAGGAGGAT 

40 GCTGGACCAA TGCTGTCTTA TTTTT^EATAT CTTCCGA^TG CCGAAATGAC 
GGGTCAYGGT CGGCAGGAGT GATGCAtCCA TGGGAAGTAC ACTGTGCAAC 
ACAGGAGAGA KAGAKAGAGA GAGATf CTTG ATATTCTTCA TGTGAGAATG 
AAATGTCAAC GAGCTCAACT GTTGAGCACA AGAAAAAGAA AACAGGGGAA 
TTCTTCTSTG TCTGAAAACT GTTGTGTTGT GCCGTGAAGA AGi^AGAAGAA 

45 GCAGAGCATG 



The DNA sequence of the EcKTI promoter as set forth in SEQ ID No. 4 
contains ambiguity codes in addition to the four bases (A, G, C, T), as there may be 
more than one sequence. A single DNA sequence of the EcKTI may be isolated 
50 from tissues of plants which have been transformed witli the EcKTI promoter, 
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Accordingly, in a further aspect, this Invention resides In the DNA sequence 
encod,ngthepromoteroftheEcKrigeneassetforthlnSeq.IDNo.5. 
5. Sequence in r^. 

5 S = G or C 

The last 3 bases (AIO) represent the protein translation 
initiation codpn. 

10 S?S SSSJ SJ^<5TCCAT COVAGTGfiAS 

TTTGTTTGAT aSScA GGATTTg8?C 
ATGTTACTAG TcS^StTCT cSSS? JSSS GAAGAATAAG 

tagtgatcca ttccccaaga attgttc?!? ?f ATCGAGGGAT 

TCATGTATAA TTAGCGCATT Gaaar^S*» . TAAGATATGT CTTTCTAGAG 
15 CTTGAAGAGT ACTcSSS SJJt?????? J^^TTTTCTT ACCTAGT6TA 
TCATGTTTAA TGCGCTTAaJ SScSJ?^ S^S^^^^ TATGTATAAG 
TCATACAAAT AA^?5iSGG SSgJSS SSS^^ ^^^^AAATCGA 
GAAAAAATAT TAACACATGT aTamn*^!^ AATTATTATA ACTATGTCTT 
GCGATGTTTC TAAAAAAACA 
20 ACCGATTGAT ATGTTGTCAT Slf^J?? t^?^^"^^ CAACCATGGC 
TTATATTTGT AAtStTAOT GGTgSS^ Jaant^^ AT6GC6GTGC 
TGATATAATT GTaSIcgS SacS^J CTAATTGCAA 
AAATTAATTT CTTTTTTcS SgtatSSaS 5^^**^*^ AAAAACTACA 
TTTCCGATAG TTCATCArra T6AAAAACTG TGCCGAAGAT 

25 AGGGCIEAG?! SSSS SS^SS AAOTGAaA 
TCTAGCCTCT GTOCgSaGC SSS^aS CATCACAACT 
TC-PAAATATA aSaS?HJS ^ TGATGCGACT 

AATTTCAATT TTTTTTTCCA CcSccA^S^ J?™™^®*^ ATGACTATAC 
AATAGAGTCA CATCAAAATG cSSS^^^o ^AGCACTTM AGCACTTTGC 
30 TTTTGGCAGT ScSJ^J? SISJfS TGATTATTCT 
TGCTGGACCA ATcSgJctT JSJJISf^ ^S?*''^^ CTCAGGAGGA 
GGTCACGGTC GGCAG6AGTO JJISccCTC CGAAATGACG 
AGTAGATAGA GAGaS?^? ?SSc?? GaS^J^ l?'^'^ 
ACGAGCTCAA CTGTTCarra nt^n^ttT^^I GATGTGAGAA TGAAATGTCA 

35 tgtctgSK S^?^ 

^ ^xtoxt,!! GTGCCGTGAA GAAGAAGAAG AA6CAGAGCA 

In another aspect, this Invention resides In a method of r^ulatlng expression 
40 Of a gene Including the Steps Of: session 
Identifying and isolating a gene of Interest; 

constructing an expression cassette Including said gene and a promoter 
selected from those promoting genes responsible for an Ion uptake mechanism- 
transforming a plant cell with said expression cassette; 
5 cutajring said transformant to produce a plant. 

The expression cassette may be Introduced Into a plant of interest by 
transformation in order to Initiate the expression of any suitable gene of interest 
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during conditions which result in a modified ion uptake mechanism in the plant For 
. example, these conditions .may result in the expression of the gene of interest . 
during low soil K* levels or high salinity. The promoter may be active in vascular 
and/or root tissues. The promoter may also be active in response to abscisic acid 
5. which is involved !n plant adaptation processes to abiotic stresses. 

The gene of interest may be responsible for expression of stress tolerance or 
insect resistance. Suitably, the promoter is the EcKT1 promoter. 

In order that this invention may be more readily understood and put into 
practical effect, reference will now be made to the following figures and examples 
1 0 which illustrate preferred embodiments of the invention and wherein: 

FIG. 1 is a phylogenic tree of plant \C channel proteins illustrating the 
relationship of the EcKT1 protein wth other previously identified channel proteins 
from Arabidopsis, potato and maize. TTie phylogenic tree was produced with the 
Genetics Computer Group (GGC Inc., Madison, USA) programmes GrowTree, 
15 Distances and PileUp using neighbour-Joining and Kimura Protein Distant 
algorithms; 

FIG, 2 depicts a schematic representatton of a possible association of EcKTI 
with the extracellular membrane; 

FIG, 3 depicts the EcKTI expression in E cam&ldulensis using Southern blot 

20 analysis; 

FIG. 4 is a graph of the EKT1 transcript levels in Eucalypts, 
FIG. 5 illustrates the QUS expression, representing an active EcKTI 
promoter, in vascular tissue of transgenic >^lraJb/c/ops/s plants, and. 

FIG, 6 depicts the GUS activity in root and aerial tissues of pEcKTI-GUS 
25 transgenic /Ara6/c/ops/s plants, 

EXAMPLE 1 

The EcKTI cDNA and promoter were isolated from Eucalyptus 
30 camaldulensis roots, which encodes a potassium channel and regutetoiy element 
respectively, using standard molecular biology techniques common to the art. E 
camaldulensis plants were treated with 75 mM NaCI to possibly induce genes which 
are involved in salt tolerance, RNA was isolated and a cDNA library constructed. 
The icKTl gene was identified and isolated from this library by screening with a 
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radioao«ve probe generated tam , PGR template using pHmere l^m a conae,«us 
sequence of known potassium channels. 
• . - y is a low-affinity im««K|.recmy,^ K+ channel. Tl,e EcKTl gene most 

*se, resembjes ,he^^ akT, gene In sequence databases as iiiustrated 
■n Fie. 1 . A sohamatic representation of possible assocfation of Eclcn witl, the 
extracellular membrane Is Illustrated In Fia a It is to be appreciated that this 
*agram « an e»mpte and Is no. intended to represent the only possible 

Zt^! T'*" ""^^^ ^ -^"^nce Of 

EcKTI .sofonns and «,e pre<«oted proteh sequences are lllust,«ed In Seq. ID 

11 '"^ " ^""^ 8.0 kBobase 

pars of DNA, which encode a compM, and functional prateh. 

Th«E<=Kl-1cONA was Cloned Into a yeast eicpresslon vector (PYES2) and 
^nsfonned Into the K. up,al»Kle«clen, ,rt< 2, ft ce^ ^ CY162 

-n^ CY162 yeast cans were streaked on a.ginine*ased medium supplemented' 
15 wrth galactose, suoose and SO or 1 mM KOL and incubated for two days at SO'C 
ft ^.«aest,«inDByr4e««su,edasthewiidtypeoont™i. As shown in Table 

1. the ECKTI gene Is able to complement the growth Of a K- deffclant yeast mutant 
allowing growth on standard yeast propagation madia modified to contain a tow 

-~=n Of TNs also conflmts that thee c«ma*fete™fe ECKTI gene 
20 encodes a functtonalK* channel. 



Tat>lei 





Wild Type 


k'Yi62 + pYES-EKTl 


|cY162-fpYES j 


SOmiW KCI 


Growth 


Growth 


C3rowth 




Growth 


Growth 


No Growth 



Southern btot analysis of the E camaMensIs K' channel gene family was 
pe-tomed, as Illustrated in FIG. 3. The total genomic DNA (2^) isolated from £ 
cmauutensis tissue was Sgested sepamtely with the DNA restrfctbn enzymes 
BamHt HInDill or aoR,, The fmgments «re sepamted by agarose gel 
elec^^pho^SB. blotted omo Qiabrane N' membrane and probed w,h an E giotla 
30 K Channel PCR fragment (an EcOTI radloacth-e probe) and exposed to X-ray mm 



for detection. Southern blot anaiyste using the low stringency conditions and an 
E0KTI probe indicated a single gene in E camaldulehsis^ 

As Illustrated In PIG. 4, EcKTI expression levfels in aerial and root tissue of 
Eucalyptus was assessed using RT-PCR. The level of EcKTI transcript was 
normalised against a-tubulin levels under a limited number of PGR cycles. EcKTI 
expression was induced in roots in response to Na* stress (75 mM) and K"" 
starvation treatment alone and a combined treatment synergised the level of 
expression. There was no change In EcKTI expression levels in aerial, non-root 
tissue with the Na* or K* treatments alone, and a slight reduction when treated in 
combination. These results suggest that the EcKTI K* channel may play a role in 
fC uptake from the environment and is responsive to K+ deficient conditions. 

EXAMPLE 2 

The promoter, or regulatory element, of the EcKTI gene was cloned. This 
regulatory element when subdoned 5' of the mari<er gene encoding p- 
glucuronldase (GUS) drives the expression of said maricer gene In tissues 
associated with tiie plant vasculature. Such expression may be valuable when It Is 
desired to express a gene in this ^eciflc region, such asr'genes encoding transport, 
channel or pore-iike proteins in this region. For example; the promoter could target 
insect resi^nt genes to combat phloem feeding pests. The promoter would also 
be useful for specific targeting of streiss tolerant gene?. 

the promoter of the EcKTl gene was isola]ied using ajltabie molecular 
biology techniques that are common to the art. Nest^ PGR prim^ were used in a 
'promoter finder" procedure to isolate the DNA sequences 5' of the coding 
sequence on genornic DNA clones. Three different DNA restriction enzymes were 
used to digest DNA that resulted In the cloning of three DNA fragments of sizes: 1 .5 
kitobases (W>), Pvull; 0.8 Kb, Seal; and 0.5 Kb, EcoRI. The 1.6 Kb and 0.5 Kb 
promoters were Isolated from genomic clone 1.8 and the 0.8 Kb promoter from 
genomic clone 3. These fragments were cloned and sequenced as Indicated In 
SEQ. ID No. 4. 

The PGR fragments were cloned into Oie vector pBHOI. The pBIIOI plasmid 
is readily available and Is designed for cloning and testing promoters In plants using 
p-glucouronldase (GUS) expression. The 0.8 Kb and 0.5 Kb fragments were 



11 



subcloned 1o drive the expression of the marker gene GUS. Positive QUS stainino 
representing aotlve promoter DNA fragments, was visible In the vascular tfesues tf 
.. transgenpo/(rabjtfops/s plants, as illustrated IffFia. 5. 

The transgenic plants in RG 5 of the patent are staln«J for GUS mart<er 
5 gene expression. This gives an indication of which tissues the EolCri promoter Is 
acl«,e m. Using the same transgenio AraUdopsI, plants the level of mart<er gene 

"""^ ' f'^'^omemo assay for aus e^me 

The DNA sequence of the EcKTl promoter acco««ng to Seq. ID No 4 
10 <=on,alnsamblgultycodesinad*iontothefourl»ses(A,G.C.-n. This Is because 

T^T ™« "-^ "Hiding to 

the EcKTI promoter from /Isrotactert/n. cells contaWng the pEcKTI-QUS 

construct used .0 produce the t«nsfdm«d Aa«a^ p,a„« vms ,«=««™d and 
sequenoed^The sequence of the promoter DNA «covo«l hom Ag^baotarium Is 

15 9-n,nSEQ,DNo.5(5',„3',topst,and). ■n»m 1. still one ambiguity cod. (8 = G 
or C). The last 3 bases ( ATG) .apresent the protein translation Wtlatlon codon 

This stretch of 1352 nudeotkfa bases Is responsWe for controlling the 
expression pattern of the GUS (Nlucuranldase) mart<er gene m vascular tissuea 
(F.g 6). H^ng a sequence without ambw,«y codes helps in identifyinasaquenca 

-0 motife, known as cis-acting elements, which a» potential binding s«ea for 
regulatory trans-acting factors. 

Communication between the root and the shoot fomis a central part of the 
o^ordinated response of plants to drought and salinity. Recent evidence suggests 
hat an outv.ard-rect«ylng K. channel exp,Bssed In vascular tissue of the root may 
5 have a major role in this process (Gaymard et al.. Cell 94. 647-655 1998- 
Hetherlngton Current Physiology 8 R911.R91 3 1998). The Inward-rectlfying EcKTl 
K. Channel Is also expressed in root vascular tissue and maybe involved In 
coordinating the plant's response to abiotic stresses such as drought and salinity 

The plant hom,one absclsic acid (ABA) is Involved in numerous physiological 
responses of the plant. These mediate adaptaBon processes to abiotic stresses 
such as drought or water deficit, salt stress and in some cases mechanical stress' 
ABA-mduced gene expressfon Is an important part of ABA action. An analysis of 
the cs acting sequences required for ABA-lnduced gene expression identified 
ABRE (ABA responsive element) sequences In promoters of many ABA-response 



genes, the ABRE is similar to a family of sequences called the Q-bdx, which also 
contain an ACGT core and are present In a number of gene promoters that respond 
to different en\^ronmental conditions. The EcKTI pronrK)ter contains an ABRE 
(GACGTGGCA), whidh is underlined "m Seq; ID No! 5. 

The presence of an ABRi in the EcKTI promoter suggests that the EcKTI 
gene may be regulated In part by ABA and indicates that this gene may be involved 
In coordinating the response of plants to drought and salinity. 

There are similarities In the expression pattern between the 1.352kb EcKTI 
Eucalyptus promoter in Arabidopsis (FIG. 6) and frie endogenous EcKTI gene In 
Eucalyptus (FIG. 4). 

• The expression level in aerial tissue does not alter much during salt stress or 
potassium starva^n. 

• The expression level in root tissue is significantly increased upon salt stress or 
potassium starvation. 

• The 1.352Kb EcKTI promoter conferred potassium starvation induclbillty to the 
GUS marker gene^ 

• The 1 .352Kb EcKTI promoter confen-ed vascular tissue expression to the GUS 
marker gene. 

it will of course be realised that while the above has been given by way of 
illustrative example of this invention, all such and other modifications and variations 
thereto as would be apparent to persons skilled in the art are deemed to fail within 
the bmad scope and ambit of this invention as Is herein set forth. 
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1.. A'l.ethodofmotlHyiit^^w 

the Steps of: ^ 

identifying and isolating a genrmsponslWe^ an Ion uptake mechanism; 

transforming a plaM c»M.v^ 

culturing said transforroant to produce a pli^^^ 



10 ''^.^ ^"^'"'"^ ^ "^''^ charactertstlc Is 

10 mod^ed to ,«,prova tha plant^s tolerance to abiotic stresses selected from drought 
low K concentration, salinity, cold and the like, 

3. A fweaiod aocdfding to claim 1. wherein the ion uptake characteristic fs 
modified tp improve the plant's growth. 

15 

4. A method according to any one of the preceding claims, wherein sm geha Is 
responsible for a K* channel Of transporter. 



5. A m^d according to Claim 4, wherein the iC channel is an inward- 
20 rectifying ic channel. 

6. A method ac*x»rdlng to Cfeim 5, wherein the gene responsible for the iC 
channel is isolated from ^(/ca/j^p/us c^ roots. 



25 7/ A method according to Om $, wherein the gene Is the Ecicri 



gene. 



8. A method according to Claim 7. wherein the isolated DNA sequence of 
SoKri Is as set forth in SIQ ID No. i . 

If 

30 a A method aecordihg to ahyone of the preceding claims, wherein the genetic 
construct includes a promoter selected from a constitutive, tissue specific or 
inducible profnotef, 
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10* A method according to clairn 9, wherein the cpnsfiftjtive proiiioter Is 35S- 
OaMV promoter, 

1 1 . A method according to Claim 9. Virtierein said jriducibie pronioter is the 
6 promoter of the EcKTI gene. 

1 2. A method according to Claim 1 1 , wherein the DMA sequence of the promoter 
is as set forili In SEQ ID No. 4. 

10 13. A method according to Cteum 1 1 ^ wherein the DNA sequence of the promoter 
Is set forth In SEQ IP No. 6. 

15. A method according to any Oiie of the preceding claims, wherein said 
transformed plant is rendered salt tolerant 

15 

16. A method according to anyone of the preceding claims, wherein s^d 
transformed plant is rendered able to grow in soils v^h low K content, 



17, The isdteled DNA sequences of the EcKTl gene as set forth in S£Q ID No. 



9999 

20 1. 



1 6. The PNA sequences encoding the promoter of the icKTI gene as set forth 
in SEQ. ID No. 4, 

25 1 8, The PNA sequence encoding the promoter of the EcKTI gene gs set forth In 
SEQ. ID No. 5. 

19. A method of regulating expression of a gene Including the steps Of: 

iderittfying and isolating a gene of interest* 
30 constructing an e>q3ression cassette including said gene and a promoter 

selected from those promoting genes responsible for an Ion uptalce mechanism; 

transforming a plant cell with said expression cassette; 

cultufing said transformant to produce a plant. 



•••• - 
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20. A method according to Olalin 19, wherein the gene^gf interest e>cpresses In 
response to low soil (C Ion lew!$, 

21 , A method according to Claim 19. wilerein the gene of jritlrest expresses In 
5 resjjonse to high levels of soli salinity. 



22. A metiiod according to any one of Clalrns 19 to 21, whei^ln tfie gene of 
interest e>q)res8es In vascular tissue. 

10 23. A method according to any one of Claims 19 to 22, wherein the gene of 
. intereste expresses In the root 



24. A method according to Claim 23, wherein the gene of interest expresses in 
i"::* response to absolsic acid. 

e • 'e 

♦ 15 



20 gcKTI 



25. A metttpd acqording to any one of Claim 19 to 24, whereto the gene of 
interest i$ responsible for expres^n of stress tolerance or insect fesletance. 

26. A method according to any one of Claims 19 to whefeln the promoter Is 
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Relative tarel of EKT1 traftscript (pg EKtl/ng tubuHn) 
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FIG. 4 
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Treatments A: Control 

B: Salt stressed (75 itiM). 

C: Potassium starvation and salt stressed (75 mM). 
D: Potassium starvation- 
Black bars: Root tissue. 
Open bars; Aerial tissue. 



FIG. 6 
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